The degradation of the McpA chemoreceptor in Caulobacter crescentus accompanies the swarmer cell to the stalked-cell differentiation event. To further analyze the requirements for its degradation, we have constructed a series of strains that have deletions in the mcpA gene and in the mcpA chemotaxis operon. Internal deletions of the mcpA gene demonstrate that the highly conserved domain (signalling unit) and the methylation domains are not required for cell cycle-regulated proteolysis. The deletion of the chemotaxis operon, which is absolutely required for chemotaxis and McpA chemoreceptor methylation, has no effect on McpA proteolysis.
Proteolysis is an important mechanism in both cell differentiation and progression through the cell cycle. In Caulobacter crescentus, swarmer cells must undergo an obligate differentiation event to become sessile stalked cells before they can start to grow and divide. The differentiation of the motile swarmer cell to nonmotile stalked cell is accompanied by the proteolysis of key proteins involved in motility (3, 5, 7, 10, 17) . The proteolysis of the McpA chemoreceptor (3) is accompanied by a dramatic decrease in methylesterase and methyltransferase activities (7) . Unlike swarmer cells, the newly formed stalked cells are capable of initiating DNA replication. Once DNA replication is initiated, the stalked cells grow and will progress through the cell cycle to develop into predivisional cells, where the components required for motility are synthesized and targeted to the portion of the cell that will form the swarmer cell. The chemoreceptor McpA is specifically localized to the flagellated pole of the predivisional cell (2) . The ability to localize chemoreceptors to the poles of the cell is not restricted to C. crescentus, as it has been shown to occur in Escherichia coli (15) and is likely to be a universal phenomenon found in other prokaryotes (8) . Unlike in other prokaryotes, the chemoreceptors in C. crescentus are degraded during its life cycle; this proteolysis event plays an important part in the asymmetric distribution of the polarly localized chemoreceptors (3) .
The CheR and CheB binding site, a pentapeptide (4, 20) , is conserved in McpA and is located at the extreme C terminus of chemoreceptors. McpA is a methylated chemoreceptor (1), suggesting that CheR and CheB bind to the C terminus. The extreme C terminus of McpA has been shown to be required for its degradation (3). Therefore, one explanation for the observation that C-terminal deletions were no longer degraded is that they were not able to form complexes with CheR and the other proteins of the chemotaxis machinery. The methylesterase (CheB) and methyltransferase (CheR) activities are lost (7) about the same time as McpA is degraded, suggesting that there is some coordinate regulation of the chemotaxis machinery at the level of proteolysis. Because of the coincidental loss of the methylesterase, methyltransferase, and McpA, we wanted to determine what role the methylation domains ( Fig. 1A ) play in the degradation of McpA. We constructed internal deletions of the mcpA gene in order to avoid perturbation of the C terminus, as this has been already shown to be required for proteolysis (3) . The construction of mcpA internal deletions will aid in determining whether the highly conserved signalling domain (HCD) is required for McpA proteolysis and also map the N-terminal extent of the putative degradation signal.
The first deletion strain, MRKA21 (Table 1) , was constructed by conjugating the suicide plasmid pWA12⌬AS (Table 2) into MRKA208 by using the helper plasmid pRK600 in MT607 ( Table 1 ). The kanamycin sucrose-sensitive transconjugants were then spread on 3% sucrose plates to obtain excision of the kanamycin-resistant plasmid from the chromosome. All sucrose-resistant colonies were subjected to Southern and immunoblot analyses, and one positive colony was named MRKA21. All subsequent internal deletions were obtained with this methodology. The MRKA21 strain had most of the HCD deleted from the mcpA gene on the chromosome (Fig.  1A) . The deletion of the HCD in McpA did not prevent its proteolysis (Fig. 1B) , and the degradation pattern was not significantly different from the pattern observed with the wildtype strain MRKA208 (Fig. 1B) . Deletion of part of the HCD and the intervening sequence to the K1 methylation domain resulted in strain MRKA25 (Fig. 1A) , which still degraded McpA (Fig. 1B) . Therefore, we deleted the sequence coding for the K1 methylation domain and most of the HCD in mcpA to create strain MRKA26, as shown in Fig. 1A . Strain MRKA26 still degraded McpA (Fig. 1B) . The absence of an effect on McpA degradation in the various K1 and HCD deletion derivatives of McpA suggested that a much larger deletion should be created. Hence, we deleted the entire K1 methylation domain and HCD signalling unit (Fig. 1A) . The resulting deletion strain MRKA24 still degraded McpA (Fig.  1B) . The only conserved cytoplasmic domain remaining that is known to interact with other chemotaxis proteins in the McpA deletion present in strain MRKA24 (Fig. 1A ) was the C-terminal CheR-CheB binding site. Because C-terminal deletions that removed this CheR-CheB binding site from McpA have been shown to be stable (3), we wanted to determine whether CheR and CheB are required for McpA degradation. Because cheR and cheB reside in an operon with cheA and cheW ( Fig.  2A) , we decided to delete the entire operon to test whether any of the chemotaxis genes present in this operon are required for McpA degradation. Therefore, we created strain MRKA580; the ⌬che17 deletion removes the mcpA operon promoter and every gene in the mcpA operon except cheE ( Fig. 2A) . Since the mcpA operon promoter is deleted ( Fig. 2A) , the only gene left intact (cheE) will not be expressed. The deletion of the cagA gene will have no phenotypic effect because there is a second copy of the cagA gene in the C. crescentus genome, and deletion of the first cagA gene has no observable phenotype (M. R. K. Alley, unpublished data). The ⌬che17 chemotaxis deletion strain MRKA580 produces very small swarms in semisolid media (Fig. 2B) . The swarmer cells do not reverse their swimming direction, and predivisional cells swim with their stalks in front, which is the predominant direction of swimming (12) . The ⌬che17 deletion removes the mcpA gene, so we introduced the mcpA gene on a plasmid, pRMCP4, by triparental mating with MT607. The plasmid pRMCP4 is a lowcopy-number plasmid (two to five copies per cell) of the IncP-1 incompatibility group. Since the number of copies of the mcpA gene on pRMCP4 are above the normal level found in the wild-type strain MRKA208, we also introduced pRMCP4 into MRKA208 as a control for any plasmid copy number effects. As shown in the immunoblot in Fig. 3A , the wild-type strain makes slightly more McpA than the ⌬che17 deletion strain MRKA580, which is probably due to the extra copy present on Table 1 ). The transmembrane domains are denoted by TM1 and TM2 and are colored in grey. The methylation domains (checkered) are named after the K1-and R1-methylated peptides shown in the E. coli Tsr chemoreceptor (11) . The HCD (striped box) is the most highly conserved domain in all chemoreceptors (13) ; it is involved in signalling. The gaps denote the extent of the deletions in the mcpA gene in the named C. crescentus strains. The black box at the C terminus of McpA is the CheR-CheB binding site (R/B) (4, 20) . (B) Cell cycle immunoblots. Strains MRKA208, which is the wild-type strain in these experiments, MRKA21, MRKA25, MRKA26, and MRKA24 were synchronized by Percoll (Pharmacia) density centrifugation. Samples were taken at the times (minutes) indicated during the 90-min cell cycle. The same amount of cells was loaded in each lane. The cell extracts were subjected to electrophoresis on a sodium dodecyl sulfate-8% polyacrylamide gel and transferred to nitrocellulose (19) ; the primary antiserum was to McpA, and the secondary antiserum was anti-rabbit conjugated to horseradish peroxidase. (6, 14) . The possibility that these proteins might be involved in the stability of the McpA chemoreceptor is derived from the fact that stability of other proteins can be altered by protein complex formation. The methylesterase (CheB) and methyltransferase (CheR) activities are lost during the cell cycle (7), suggesting that the proteolysis of the chemotaxis machinery might be coordinately regulated. One possible way to coordinate the proteolysis of the chemotaxis machinery is to target the entire complex for degradation. In this study, we show that deletion of the K1 and HCD domains of McpA do not prevent its degradation (Fig. 1) . When the mcpA operon was deleted, McpA was not methylated and there was no effect on the degradation of McpA. Therefore, we can assume that none of the genes in the mcpA operon are required for McpA degradation. The combined data from the internal and operon deletions would suggest that McpA is the target for its protease. Thus, McpA and the other chemoreceptors might be required for the degradation of the methylesterase and methyltransferase. To test this hypothesis, we are presently generating antisera to CheR and CheB. pWA12 (1) was deleted at the SacI-ApaI sites, and the BamHI blunt-ended sacBaphAI fragment from pMH1701 (9) was inserted into the EcoRV site. This plasmid was used to construct the MRKA21 strain.
This study pCHE22⌬N pCHE22 was deleted at the NcoI sites, and the BamHI blunt-ended sacB-aphAI fragment from pMH1701 (9) was inserted into the ScaI site. This plasmid was used to construct the MRKA24 strain.
This study pCM223⌬XA pCM223 (3) was deleted at the XmaI-ApaI sites, and the sacB gene from pIC20R-sacB (M. R. K. Alley) a was inserted into the SpeI site. This plasmid was used to construct the MRKA26 strain.
This study pWA12⌬SS
pWA12 (1) was deleted at the SacI-StuI sites, and the BamHI blunt-ended sacBaphAI fragment from pMH1701 was inserted into the EcoRV site. This plasmid was used to construct the MRKA25 strain.
This study a Unpublished data.
